KY16 9ST jdw3@st-and.ac.uk 1,8 substituted naphthalenes with MeO and PR 2 substituents are readily prepared. Abstract: Reaction of 8-methoxy-1-naphthyllithium 2 with one equivalent of chlorodiphenylphosphine gives the novel (8-methoxynaphth-1-yl)diphenylphosphine 3 which was oxidised to the corresponding sulfide 4 and selenide 5 by reaction with sulfur and selenium respectively. The P…O peri distance is significantly increased in 4 and 5 at 2.819(3) [2.793(3)] and 2.827(3) [2.806(3)] Ǻ [values in square brackets are for the second independent molecules in each case] relative to the value in 3 of 2.678(2) Å. There are short E…O interactions ie O(1)···S(1) 3.165(3) [3.124(3)] , O(1)···Se(1) 3.247(3) [3.200(2)] Ǻ and these may be repulsive and responsible for the increased P…O separation. The use of the naphthalene backbone in the synthesis of a potential hemilabile ligand is demonstrated by the synthesis and X-ray structure of (8-methoxynaphth-1-yl)diethoxyphosphine ruthenium p-cymene dichloride 6
The crystal structure of (8-methoxynaphth-1-yl)diphenylphosphine 3.
In order to assess the impact of oxidation of the phosphorus centre upon the peri distance we treated 3 with sulfur or selenium to give P=S and P=Se respectively (Eqn 3). [7, 8] The 31 P nmr of 4 and 5 display singlets at δ P 53.08 and δ P 43.3 (J P=Se (1) 741.4 Hz) whilst for 5 δ Se = -150.9 (d, J Se(1)=P 741.4Hz) in accord with the formulation as P=S and P=Se respectively. In 4 ν P=S is observed at 645 cm -1 whilst ν P=Se in 5 is observed at 494 cm -1
Eqn 3
The X-ray structures of 4 and 5 (Figure 2 , Table 2 ) are isomorphous and both contain two independent molecules in the unit cell. Interestingly, the P…O peri distance is significantly increased in 4 and 5 at 2.819(3) [2.793(3) ] and 2.827 (3) [2.806(3) ] Ǻ [values in square brackets are for the second independent molecules in each case] relative to the value in 3 of 2.678(2) Å. Interestingly, there are short E…O interactions ie O(1)···S(1) 3.165(3) [3.124(3) ] , O(1)···Se(1) 3.247(3) [3.200(2) ] Ǻ and these may be repulsive and responsible for the increased P…O separation.
Fig. 2
The crystal structure of the two independent molecules of (8-methoxynaphth-1yl)diphenylphosphine selenide 5, the sulfide 4 is isomorphous and is not illustrated
In order to test the ability of 1,8 P,O naphthalene derivatives to act as ligands we prepared a simple example of a metal complex 6 according to eqn 4 without isolation of the ligand. 6 was characterised spectroscopically and by X-ray crystallography ( Figure 3 , Table 3 ). The complex is essentially octahedral with monodentate P coordination (the Ru…O separation is 3.563(2) Ǻ ) and like in 4 and 5 the substitution at phosphorus results in an enlarged P…O separation (2.875(3) Ǻ) compared to 3.
This separation coupled with the sum of three internal angles of the C3PO 'ring' gives an indication of the degree of steric strain enforced upon the naphthalene system by the substitution at phosphorus.
Eqn 4

Fig. 3
The crystal structure of (8-methoxynaphth-1-yl)diethoxyphosphine ruthenium p-cymene dichloride 6
Experimental
All experiments were carried out under an oxygen-and moisture-free nitrogen atmosphere using standard Schlenk techniques and glassware. Reagents were obtained from commercial sources and used as received. Dry solvents were collected from a (8-methoxynaphth-1-yl)diphenylphosphine 3 tert-Butyllithium in pentane (22 mL, 1.5 M, 33 mmol, CARE this material is pyrophoric and should be handled with care) was added to a solution of 1-methoxynaphthalene (4.75 g, 30 mmol) in dry cyclohexane (60 mL) under a nitrogen atmosphere. The mixture was then stirred at room temperature for 24 hours. 8-Lithio-1-methoxynaphthalene precipitated and was filtered off under nitrogen using a sintered glass filter attached to the reaction vessel.
The solid was washed with anhydrous cyclohexane (40 mL), washed back into the vessel with anhydrous ether (100 mL) and the suspension cooled to -78 °C in a solid CO 2 -acetone bath. To this solution was added chlorodiphenylphosphine (6.62 g, 5.4 mL, 30 mmol). The mixture was stirred for a further 24 h at room temperature. The solvent was removed in vacuo and hexane (40 mL The resulting cloudy solution was filtered, the solvent was removed in vacuo and the remaining oil vigorously stirred with hexane (10 mL) over night, which resulted in a thick suspension. The solid product was collected by filtration and recrystallised from dichloromethane/pentane. Yield 0.236 g, (68 %); (Found C, 73.10; H, 4.57; Calc. for C 23 H 19 OPS: C, 73.78; H, 5.12 %) ; v max (KBr tablet)/cm -1 : 3053s, 2929s, 2829s, 2268w, 1960w, 1893s, 1826w, 1753w, 1683w, 1639w, 1613s, 1563vs, 1502vs, 1457vs, 1434vs, 1367vs, 1328vs, 1264vs, 1211s, 1186s, 1152s, 1116vs, 1051s, 1023s, 995vs, 911vs, 847w, 819vs, 763vs, 746vs, 716vs, 690vs, 654vs, 634vs, 595s, 553w, 517vs, 483s, 450s, 416vs; δ (8-methoxynaphth-1-yl)diphenylphosphine selenide 5 A solution of (8methoxynaphth-1-yl)diphenylphosphine (7.363 g, 21.5 mmol) and Se (1.70 g, 21.5 mmol) were heated under reflux in toluene (20 mL) for 2 hours. The resulting cloudy solution was filtered, the solvent was removed in vacuo and the remaining oil vigorously stirred with hexane (10 mL) over night, which resulted in a thick suspension. The solid product was collected by filtration and recrystallised from dichloromethane/pentane. Yield 7.17 g, (79 %); (Found C, 64.67; H, 4.07; Calc. for C 23 H 19 OPSe: C, 65.57; H, 4.55 %) ; v max (KBr tablet)/cm -1 : 2930br s, 1968w, 1898w, 1825w, 1776w, 1674w, 1587w, 1572w, 1476s, 1433vs, 1386w, 1334w, 1308s, 1273w, 1180s, 1157s, 1107vs, 1067w, 1023s, 994w, 953w, 892vs, 779w, 744vs, 718s, 703vs, 686vs, 613w, 590w, 558vs, 494s, 468w, 445w, 392w, 361s, 323w; δ H (270 MHz, CDCl 3 ) 7.95-7.70 (5 H, m, nap 4-H, 2 x PPh 2 2,6-H), 7. 55-7.34 (8 H, m, nap 5,6-H, 2 x PPh 2 3-5-H), 7.34-7.15 (2 H, m, nap 2,3-H), 6.69 (1 H, dd, J 2.4 and 6.5 Hz, nap 7-H), 3.19 (3 H, s, C, 51.40; H, 5.70 %) ; v max (KBr tablet)/cm -1 : 3442br, 3032s, 2961s, 2925s, 2896s, 2824s, 2433w, 1943w, 1742w, 1615w, 1561s, 1502s, 1461vs, 1367vs, 1323s, 1261vs, 1201s, 1148s, 1116vs, 1092s, 1023vs, 941vs, 861s, 823s, 776vs, 760vs, 734s, 634s, 604w, 545vs, 519vs, 465s, 424s, 288s; (1) 2.678(2) P(1)-C (1) 1.860 (3) (1) 2.819 (3) 2.793 (3) P (1)···O (1) 2.827 (3) 2.806(3) P(1)-C (1) 1.839 (3) 1.832(4) P(1)-C(1) 1.837 (3) 1.837 (3) O (1)-C(9) 1.362 (4) 1.353 (5) O(1)-C(9) 1.356 (3) 1.354 (4) O (1)···S (1) 3.165 (3) 3.124 (3) O (1)···Se (1) 3.247 (3) 3.200 (2) O(1)-C(23) 1.427 (4) 1.422 (4) O(1)-C(23) 1.427 (4) 1.426(4) S(1)=P (1) 1.9598 (14) 1.9589 (12) Se (1)=P (1) 2.1175(9) 2.1157(8) P(1)-C(1)-C(10) 125.4 (2) 126.0(2) P(1)-C(1)-C(10) 125.6(2) 125.6(2) C (1) (3) 
